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DATA ON THE USE (F CONSTANT LEVEJ. BALLOOKS
TO MEASUFE THE HORYZORTAL MOTION I¥ THE ATMOSPHEXE.

SUGHARY

In the course of Navy-spomsored Invegtigations of cosmic rays end

other atmospheric phenomena, the suthors at Gemeral Mills, Inc. have

nade many constant level balloon flights on the standard meteorological
surface of 300 md (nominally 30,000 feet). The tracks of these flights are
of general meteorological interest, as they are believed to delineate the
actual trajectory of an equivalent mass of air travelling on a constant
pressure surfece. Some of the original flight data are presented for the
information of other investigators of cir motioms, to 1llustrate the appli-
cation of constant level dalloons to meteorological problems, particularly
atmospheric diffusion and the variebilityof the wind. Suggestions are made
of the significance of tvhe dats presented, and further experiments are
proposed vhich might result in a belter understanding of the mechanisms of
air motion. Possiblz applications of conmstent level balloons in routine
observations to obtain representative umeasurements of wind velocity are
set forth.

INTRODOCTION

The determ’nation of air trajectories is am essential quentity needed in

modern metcorology. Ho forecaster can expect great success without a :
kpowledge of the area of origin of tomorrow's weather, as the weather
of tomorrow is in a lerge part determined by the atmospheric conditions 3
of today, ut points upwind. Presently, meteorologists attempt to deter-

nine air flov by the application of hydsodynmaics to upper alr daca ob-

gerved similtencously over a large reglon. Using the instantsneous ob-

servations of wipd and pressure fielde, efforts are made to determine the

air flov by the integration of all these data with time. However, the

integrated trajectories thus obtained do not provide a satisfactory

picture of the motion of the air.

The fundamental reasons for this apgear to be the non-repressniativemess of
the preseat upper air observations snd the difficulty of obtaining a suffi-
clently accurate model of the atmosphere which is simple encugh to be
worked with.

The wind observations determined by use of ascending sounding balloors
in the weather services appear to be not sufficiently representative of
the true air motion at any one level for at least three reasons:

1. Eddy motioms, supcrimposed om the field of translatiom, introducing
dispersions and variebility into the instantanecus observations. This
effect when coupled with the short sampling time of rawin observations,
results in wind measurement distributed gbout the representative air
trenslation value. -

-

2. Imhereat limits of accuracy of the older wind measuring systems, such
as pibals and rawins, obtained from the SCR658. However, a study by
Rapp { ) shows that the winds measured by newer military systems have
& greater precision than is afforded by the wind varisbility over time
and space.
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3. Non-synopticity of winds. This arises from operational considera-
tions vhersby the wind observations may depart from simultoneity
at various stations by an hour or more (Gabriel & Belucei).

The combined effect of the limiting factors liated has caused one observer
to conclude that a wind report of 30 knots from 270° must be considered as
possibly indicating a true wind somevhere between 21 and 40 knots bloving
from between 240 to 300° (Machta). With such lack of precision, meteor-
ologists froquently dlsregard the reported wind when amalyzing upper level
charts end computing trajectories.

Lacking trustworthiness and direct wind observations, the "geoatrophic”
wind derived from pressure observations is widely used in dynanic meteor-
ology. This "wind" in its simple form is derived from the horizontal
pressure greadient by means of the following relstion amd essumption:

pressure gradient

Geostrophic velocity = Syt ensity x coriolis force

The coriolis force () is a function of the earth's
rotation (w)

and the latitude { § ) of the air parcel. (™ = 2481in @)

hence V geostrophic = O P ( : Il
720

The assumptions used in this relation are: 2 h

a. The vertical velocity of the air parcel is negligible.
b. HNo frictional stresses exist.

c. The isobars are straight, parallel and the wind blows parallel to them at
constant velocity, i.e. the sccelerations sre zero.

Obviously these agsumptions cammot be mat in operational meteorology. There-
fore, a wind so egtimated wlll be defective nccording to the deviations
from the assumption.

In addition, in the ncasurement of the pressure gradient itszelf lies

possible gources of error due to the necessarily inexpeasive construction

of the radiosonde imstruments as well a3 the systemsatic and operatiomal errors
in measuring atmospheric pressure and temperature. The errors permitted in a
radiosonde measurement of pressure may cxceed 4 mb. These 2rrors in pressure
aeasurenenis on the 300 mb surface at two different stations may cause a

wind error of 8 mb at 300 mb ~~ 600 feet 2 sta 300 miles apart cross isobar
vith AR for 300 mb level = 600 ft. Geo wind = 75 knots Oh = Osp geo vind =

0 .".100% wind error.

In viev of this, it appears that a trajectory which is obtained by &
forecaster using non-representative data smoothed subjectively and
integrated, using non-valid assumptions camnot be expected to define the
air flow accurstely.
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Noeded, therefore, is sowe way of naturally integrating these transient
effects into a simpler overall picture of atmospheric motion. Trajectories
obtained from constsnt level balloons have been suggested as one funda~
mental approach.

STUDIES WITH COSSTAET LEVEL BALLOONS

In an effort to study geostrophic departures, Durst made use of "constant
level" rubber balloons in 1943 and 19uk. The experiments were of great
interest despite the fact that the balloons 4id ot remcin aloft very
long and were not well stabilized on a constant pressure level (varia-
tions of 25 mb over one-half hour intervals are reported).

More recently, the development of instrumented constant level plastic
ballocns has been reported by Spilhaus ( ). Significant trajectory
data have no¥W been obtained from these balloons both by Hew York Uni-
versity and General HMills investigations. Three sets of experimeats
involving air trajectories are described here.

In the first of these, actual balloon trajectories are compared with the
"hindcast" trajectories camputed from conventlonal upper air data. In

the second and third studies, the separation of multiple constant level
flights made simulteneously and sequentially is described to suggest the
order of magnitude of eddy motion encountered by the balloons in flight.

TRAJECTORIES COMPARED WITH FORECASTS

A large mizber of comnstant level balloon flighte vere made by the authors
during the summexr of 1951. The balloons were normally spheree, 25 feet

in diameter, instrumonted to float on the 300 mb pressure surface. Leunch~
ings were made from Hill Air Force Base, Ogden, Utah, and dalloons were
tracked by aircraft over constant level trajectories averaging ebout 1000
mileg. Attempts were made to forecast the impact point of the ballocons at
the end of their flight. The forecasts of trajectories and impacts were
made before the balloons were lsunched to insure complete honesty in the
predictions. Such flights were carried out repeatedly using multiple fore-
casters and standardized procedures to minimigze subjectivity. Although it
vas found that vetter forecasts could be wmade under certain selected weather
situations and that gome proficiency laproved the forecasts, the accuracy
vhich could be obtained under the best comditions was limited. Average
errors in the prediction of the impact point of about 23% of the total
range wers experienced under all weather gituations for which balloons were
flown. Under conditioms selected by the forecaster as optimum, this error
could not be reduced bslow 19% of the distance travelled.

It was recognized that operational degradatiom would reduce the effective-
negs of the forecasts whenever the time of launching, rate of rise,
floating altitude or flight duration were different from those assumed
by the forecaster. In addition, errors in the hasic forecast of the
pressure and wind fields to be encountered during flight would affect

the accuracy of the trajectory forecast. A third cause for failure to
make a good trajectory forecast would bs the possible falseness of the
assuxption that the horigzontel motion of the balloon is controlled dy the
air with vhich it is surrounded.

’ b‘i(‘l;fi A} . \\> R
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In an attempt {o separate these variables, a study was mads of 20

Tlights selected for good mechanical behavior, i.e. adherence to the

300 mdb level and exiension of an sverage length of 1000 miles. An
independent forecaster, Dr. Homer Mentis of the University of Ninnesots,
compared the trajectories of these flights, using "hindcast" trajectories
made from the in-flight wvinds and pressure fields as reported by the U. 8.
Weather Bureau stations during the £1ight period. Comaideration was
given to the exact launching time, sscent vector, floating altitude, and
flight duration. For these 20 flights of an average 1000 uiles length,
the average error in the end point was 20% of the total flight length.
This surprisingly large "hindcast” error emounts to ebout 80% of the
original forecsst error and strongly suggests that either (1) the balloon
held on a constant pressure surface does not move with the horizontal
vind at that surfece, or (2) the field of motion as it is precemtly
described is far more inadequate than previocusly believed.

EFFECYS OF EDDY DIFFUSICH

If the dalloons 4o not move with the wind at their level, is 1t because
no representetive wind exists? It has been postulated that air motion is
such a complex of eidies that conceivebly s large nmber cf trajectories
might be obtained in a single given situation. To test this cssumption,
simultaneous multiple constant level balloom flights were made. They
have been studied by Mantis and Gaalswyk end the pertinent conclusions
are quoted below.

"The effects of eddy motion sppear in the equations of motion as eddy
stresses, and therelfore depemd on the definition of the average large
scale flov. In & sense, conventional synoptic analysis represents a
large scale flow which is averaged over the space betuween the reporting
stations. The trajzctory of a single balloom, therefore, should consist
of a component due to the large scale motion and a component due to the
eddy motions. A random distribution of eddy motions would have the effect
of diverting a single balloon from the large scale flow or causing the
diffusion of a cluster of dballoons. The magnitude of this effect is not
kpown; estimates vary by as much as several orders of magnitude. In past
experiments on the diffusion of balloon clusters or other tracers, it
appears that the effect of eddy motions is frequently obscured by the
effect of the vertical shear on the moiion of tracing elements at slightly
different altitudes.

"The results of & limited mmber of sirmltaneous multiple constant level
balloons made by General Mills therefore offer unique opportunities for
the exmuination of the diffusion effects. On three occasions, it 1is
possible to isolate the effects of eddy diffusion by multiple flights in
which a miniznm difference in balloon altitude was maintained during the
flights. In the flights 557-558, 566-567-568, and 561-562, the main-
tensnce of altitude wes within ¢ 150 ft. (+ 2 md) of the desired comtrol
altitude for each dballooa. The only exception occurred on flight 566

o )
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vhich was off by 300 feet for a short time. (The results of these
flights are given in the following table:

Balloon Acrosg-track
Distance separation variation

Flights Distance of flight Duration of fl1t. balloons as % of of
compared under comparison under comperison wer: apart distance trajectory

Miles Hrg. Mi. %
557-558 750 1.5 1 1.3
561-562 1000 18.0 1% 1.8
566-56T 1200 20.2 1 .08 1
566~567 1200 20.2 5 b 1
567-568 1200 20.2 5 A 1 J

"The consistence of these results seems to definitely establish the order
of magnitude of the elfect of eddy diffusion. This effect is certainly
negligible as a facior in the accuracy of trajectory comstruction.”

A few other multiple flights have been made where the balloons have been
separated in time or altitude, Flights 564-565 travelled 1640 wiles in
27.2 hours, on® at an average altitude of 32,000, the other at 29,500. At
the termination of ihe flight, the belloons were 18 miles apart with o
crogs track separation of the trajectories of only 7 miles.

Flights 576-577 were launched 51 mimutes apart. FPlight 576 floated at
m gverage altitude of 30,500; flight STT7 floated at about 31,000 £%. At
the end of 31 hours, the balloons had travelled about 1200 milcs cad t.cre
bl miles apart with & 17 mile separation between their trajectorice
(apparently due to change of the pressure field).

fimtlar experiments vore made to shov the effect of gseparating trajec-
tories in time. In each case, & regular progression of the trajectories
vas observed and a general edherence to the synoptic track as reported by
standard cbservations was noted, although the balloon trajectories could
not be predicted perslstently nor made to conform rigorously <o the
camputed in-flight trajectories.

From this study, one may conclude that a representative trajectory of
some sort can de odiained by conmstent level balloons. If this is truly
the large-scale air motion vhich is resresented, the instantaneocus field
of motion in the upper air is bdbeing mizrepresented by 20% with preseat
obgervation techmiques.
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PILLOY BALLOOH3

In other efforts to trece air parcels insxpensively, small consient

volume balloons were devised at Gemeral liille. Theae dalloous, because of
their square shepe arising from their constructiom, have been luabelled
'pillov balloons®'. Many mess flights of these balloons have been msde in
which 50 or more balloons were lsunched simultanecusly. It appears that
theze bdalloons do not mainteln a long counstant level flight, except under
special operating conditioms. The recoveries of these balloons show that
they fall out along & line which frequen’ly has been no wider than ten miles
for a mean range of 600 miles. The dsta on these flights are also given in
the attached exhibits.

Two such inexpensive, uninstyimented balloons launched from Hinmeapolis,
have been returned from Ireland, illustrating the trajectory trecing
potential possible forr inexpemsive comstant volume balloons.

CORCLUSION

Fron the controlled sititude Tlights, and the pillow balloom daie glvirn
in the exhiblts, it ajpears that a meaningful and repregentative messura-
ment of horizontal winé velocities might be made usling a constant level
ballocn principle. From the repeatability of the wind measuremente madc
from trajectory ballcons, it appears that the small scele variability

of the wind may give uon-reprecentative -7alues for short teria wind ob-
gservations. The use of & small, inexpensive, constant-level balloon on
standard surfaces to complexent wind measuresents by socunding balloons
should integrate out the variability of cffects &d permit better delipneoa~
tion of the flow of {the eair.

To use these constantlevel balloons mreaningfully, it will dbe necessery to
deternine the minimum congtant level flight duration feasible which will
smooth out the effects of superimposed cddy motion and to permit the
direct observation of a wind good enough for determinatioms of ctmospheric
accelerations as well as the representative air velocity. This problem
has been considered by Durst, Machta and Mantis and some definitive exwperi-
ments are being planned. It appears, hovever, tkat 30 aimute ohservations
of the displacement of a constant level balloom will yield a much more
representative wind geasurement than the preseat two-mimute, sounding bal-
loon observatioms.

Direct observation of balloon trajectorizs ghould be a valuable forecast
to0l, particularly for tropical meteorology. By this method, filelds of
divergence or coavergerce might be directly observed and studied rather
than inferred by the cxisting weather and measurement of the pressure
gradients in those lsiitudes.

The tracking of constanl level balloons to obtain air irajectories at great
ranges from othorwise ianncceassible areas may be snother use and extension of
this technique for wmelcorolcgical problens. Such a use 1s boing comtemplated
by the Naval Rescarch Lavoratory in the transosonde project to obtaim wind cnl
trajectory data from over thz Central Pacitic.

Consideration should also be given to the direct obeervation of trajectories
as a routine weather observetion tool conplementing existling techniques,

; ¢ . i - #2 A
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DEFINITIVE EXPERIMEGTS WHICH ARE NEEDED

1. Repeated, simultaneous observations of the veriability of the wini,
made by lsunching smell metsorological constant level balloons at intervals,
comparing the wind sttained for each two mimute period with an average
from a 30 aimute displacement. These data should in turn be compared with:

a. synoptic rawin soundings,

b. the constant level wind measured by similer units located across
vind at distances of 1, 10, and perhaps 100 miles,

c. the vind measured by the same stations on any comstant level balloons
30 and 60 minutes later.

2. HKationwide wind cbservations on a standeard surfece by one hour flights

of small constant level ballooms from the U. S. Weather Bureau ravin sta-

tions synoptic with the standard rawin soundings.

3. Establisment of a tracking nmet for larger comstant level balloons in
the tropics and the making of simultaneous flights to observe directly the
atpospheric convergence and divergence varticularly around hurricane time,



D [ S——

S

"R SRR - AT AL T . ————y T ey

REFERERCES

Rapp, R. R. "The Effect of Variability end Instrument Error on Messurements
ip the Free Atmosphere"”. Meteorological Papers Vol. 2 #1, New York
University, June 1952.

Gsbriel, J. E. and Bellucci, R. "Time Veriation of Winde Aloft" Journal of
Meteorology, Vol. S5 #6, Dec. 1951, PP 422-423,

Perkins, D. T. "The Response of Ballocns o the Wind", Bulletin, American
Meteorological Society, Vol. 33 #. April 1952.

Machta, Lester, Private Communicotlon.

Spilhsus, A. F., Scimeider, C. S., and ¥oore, C. B. "“Contzrolled Altitude Free
Ballooms™, Journal Heieorology, Vol. 5 #%, August 19%5, »p. 130-137.

Brier, Glenn W., "The Statisticel Theory ¢f Turbulemce and the Problem of
Diffusion in the Atmosphere"”, Journal of Metcorology, Vol. 7 #4, August
1950, pp 283-290.

Mantis, H. T. "Developmont of Methods for Forecasting Bellioon Trajactories”
Final Report, Trajectory Forecasting Project, University of Mimmesota,
33 March 1952.

Gaalswyk, Arie, "Balloom Trajectory Forecasting, Part I, Report 1072" Geperal
HKills Aercnautical Research ILaboratories, 21 Mexch 1952.

Durst, C. S., and Gilbert, G. H., "Constan® Height Balloons: Culculation of
Geostrophic Departures” Qtly. Journal of Royal MNet. Soc., 76 327:75-86
Jenuary 1950.

Durst, C. 5., and Davis, R. E. "Accuracy of Geostrophic Trajectcixs”, Met.
Regearch Copmittee (London), MRP 574, August 1950.

Wexler, Harry, "The Great Samoke Pall, Septeuber 24-30, 1950" Weathsrwise,
Vol. 3 #6, December 1950.

Sutton, O. G., "Atmosphere Turbulence and Diffusion” Compendiuam of Meteorology.,
American Meteorological Soclety, 1951.

Smith, J. R. "High Altitude Balloon Trajectory Study" Technical Reports 121.01-
121.05, Resecarch Division, Kev York University 1949-1950.

Spilkaus, A. ., "Proposed Weather Services Utilization of Constenti level
Balloons to Measura Trajechbry Segments” Frivete Compmmmication.

~. #)

e



Four twenty-five foot dismeter ballocns being inflated for s simultaneous launching.
These balloons cerrying a 160 pound paylosd, will float on the 300 millibar surface
where they will be used to study atmospheric divergence.
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